Triterpene Glycosides from the Roots of Codonopsis lanceolata
C-NMR spectrum of 2 showed an identical chemical shift to that of a reported saponin with echinocystic acid as an aglycone 9, 10) The 13 C-NMR spectrum of 2 also showed the presence of six anomeric carbons (d 93.2, 100.7, 104.3, 106.0, 106.2, 107.2), which were correlated with each anomeric proton in the HMQC spectrum. These data indicate that 2 is an analogous triterpene glycoside of 1. Comparison of the 1 H-and 13 C-NMR spectra of 2 with those of 1 indicate that 2 has an extra glucopyranosyl group. Compound 2 was hydrolyzed under alkaline conditions to give prosapogenin, which was identified as the prosapogenin (1b) obtained from 1 by alkaline hydrolysis. Thus the existence of a glucopyranosyl group in the sugar residue connected to C-28 was detected. The position of the glucopyranosyl group in the C-28 glycosyl moiety was deduced from the HMBC analysis. The HMBC correlations of 2, as shown in was p-bromobenzoylated to give per-O-p-bromomenzoylmethyl sugars, which were identified as per-O-p-bromoben-
, and per-O-p-bromobenzoyl-1-O-a-methylglucopyranoside (aMGB) using HPLC. The peaks of these benzoates were collected in an analytical scale and their CD and UV spectra were measured at the same concentration. The CD data were applied to the CD exciton chirality method, 11) and their A-values were calculated to be ϩ102.1 (aMRB), ϩ98.1 (aMAB), Ϫ4.2 (aMXB), ϩ7.4 (bMXB), and ϩ23.9 (aMGB), which were similar to the reported data. 12, 13) From these results, the presence of D-glucose, D-xylose, L-rhamnose, and L-arabinose in 2 was clarified. Prosapogenin 1b was hydrolyzed under acidic methanol conditions to give a methyl sugar. The methyl sugar was p-bromobenzoylated to give the per-O-p-bromobenzoate of 1-O-methylglucuronopyranoside methyl ester, of which the retention time in HPLC and A-value were identified as those of the p-bromobenzoate derived from D-glucuronic acid. This indicated that the glucuronic acid in 2 is in the D-configuration. The glucuronopyranosyl, glucopyranosyl, and xylopyranosyl linkages were identified to be b from the coupling constants (as shown above) of the anomeric protons. The arabinopyranosyl and rhamnopyranosyl linkages were also identified to be a from comparing the 1 H-and 13 C-NMR data of 2 with those of lancemaside A. Thus the structure of 2 was determined to be C-NMR (Table 1 ) data, 3 has glucuronopyranosyl, glucopyranosyl, xylopyranosyl, rhamnopyranosyl, and arabinopyranosyl moieties and the glycosyl linkages were b in the case of gluculonopyranosyl, glucopyranosyl, and xylopyranosyl and a in the case of rhamnopyranosyl and arabinopyranosyl based on the coupling constants of the anomeric protons. Thus the structure of 3 was determined to be 3 Table 1 ) data showed the absence of a xylose moiety in 4. This was confirmed from the HMQC and HMBC spectra. Thus the structure of 4 was determined to be 3 (Table 1) , and 2D-NMR spectral data. Acid hydrolysis of 5 gave 1a. The 13 C-NMR chemical shifts of the aglycone portion and sugar moiety linked at C-28 showed almost the same chemical shifts as 1 (Table 1 ). These data indicate that 5 is a saponin with an extra glucosyl group at C-3 of GlcA when compared with 1. The 1 H-and 13 C-NMR spectral data were assigned, and the structure of 5 was confirmed. Thus the structure of 5 was determined to be b-D-glucopyranosyl- C-NMR spectral patterns of the sugar moiety linked at C-28 were similar with that of 2. These findings indicate that two glucosyl moieties are linked to C-3 of the glucuronopyranosyl moiety and to C-3 of the arabinopyranosyl moiety. This was confirmed in the HMBC spectrum. Thus the structure of 6 was determined to be 3 C-NMR spectrum of 7 showed identical chemical shifts to those of reported saponins with asterogenic acid as an aglycone. [14] [15] [16] This indicates that 7 has an additional hydroxyl group in the aglycone portion of 1. Acid hydrolysis of compound 7 gave an aglycone (7a) and methyl sugars. The structure of the aglycone (7a) was identified to be 2b,3b,16a-trihydroxyolean-28-oic acid (asterogenic acid) based on the ESI-MS, 1 H-and 13 C-NMR spectra of 7a. The methyl sugar portion of 7 was p-bromobenzoylated to give Avalues of ϩ114.2 (aMRB), ϩ98.0 (aMAB), Ϫ4.7 (aMXB), and ϩ8.9 (bMXB), from which the presence of L-rhamnose, L-arabinose, and D-xylose in 7 was confirmed. The location of the sugar moieties at C-3 and C-28 were determined from the HMBC data. Thus the structure of 7 was determined to
Compound 7 was named lancemaside G.
Experimental
Melting points were observed on a Yanagimoto micromelting-point apparatus and are uncorrected. 
Extraction and Isolation
The powdered roots (1.4 kg) of C. lanceolata cultivated in Korea were extracted with boiling water. The water solution was passed through a Diaion HP-20 column (Mitsubishi Chemical Ind., Japan) and thoroughly washed with water and eluted with methanol (MeOH) to give a MeOH eluate (11 g ). The MeOH eluate was chromatographed on a silica gel column with a gradient CHCl 3 -MeOH solvent system to give eight fractions, fr. 1 (520 mg), 2 (840 mg), 3 (480 mg), 4 (680 mg), 5 (1.12 g), 6 (1.96 g), 7 (1.41 g), and 8 (870 mg). Fr. 2 (800 mg) was purified on HPLC using an ODS column and 25% CH 3 CN to give tangshenoside II (9, 100 mg) and syringin (10, 140 mg). Fr. 5 (1.10 g) was purified on a HPLC using a ODS column and 20% CH 3 CN solution to give tangshenoside I (8, 48 mg) and tryptophan (11, 86 mg) . Fr. 7 (1.40 g) was repeatedly purified on HPLC using 20-30% CH 3 CN [containing 0.1% trifluoroacetic acid (TFA)] and fractions obtained were passed through a Diaion HP-20 column for removal of TFA to give compounds 1 (250 mg), 2 (72 mg), 3 (18 mg), 4 (14 mg), 5 (32 mg), 6 (8 mg), and 7 (9 mg).
Lancemaside Table 1, and   13 C-NMR data, see Tables 2 and 3 .
Acid Hydrolysis of Lancemaside A (1) A solution of 1 (25 mg) in 30 ml of MeOH and 3 ml of concentrated HCl was refluxed for 2 h. The reaction solution was poured into ice water and extracted with ethyl acetate to give an ethyl acetate solution and a water fraction. The ethyl acetate solution was evaporated to give a crude aglycone, which was purified using preparative TLC to give pure 1a (7 mg).
Acid Hydrolysis of 7 Ten milligrams of 7 was hydrolyzed with 3% HCl in MeOH as same as 1 to give aglycone 7a (3 mg 1 H-NMR data, see Table 1, and   13 C-NMR data, see Tables  2 and 3 .
Alkaline Hydrolysis of 5 A solution of 5 (12 mg) in 3% KOH-MeOH (20 ml) was refluxed for 30 min. The reaction solution was poured into ice water and extracted with chloroform to give a CHCl 3 solution, which was washed with water and evaporated under reduced pressure to give a crude product. The crude product was purified on preparative TLC to give pure prosapogenin 5a (5 mg 1 H-NMR data, see Table 1, and   13 C-NMR data, see Tables  2 and 3 .
Identification and Determination of D,L-Configurations of Sugars in the Saponins
The saponins (2 mg each) were hydrolyzed in 3% HCl-MeOH solution under refluxing for 2 h. The reaction solutions were evaporated under reduced pressure to give reaction products, which were purified on TLC to give the methyl sugar portions. The methyl sugar portions were benzoylated with p-bromobenzoylchloride and pyridine. The benzoylated reaction solutions were poured into ice water and extracted with ethyl acetate to give ethyl acetate solutions, which were washed with diluted aqueous HCl and saturated aqueous NaHCO 3 solution successively and evaporated under reduced pressure to give methyl sugar per-O-p-bromobenzoates. The benzoate mixtures were analyzed and identified with the authentic methyl sugar benzoates on HPLC (C8 Mightysil, 85% CH 3 CN at 245 nm), and the corresponding peaks were collected in an analytical scale. The collected solutions were measured under CD and UV at the same concentration and A-values (ϭDe 1 ϪDe 2 ) were calculated. Prosapogenin 1b was treated as described above to give per-O-p-bromobenzoate of methylglucuronopyranoside methyl ester and identified with that derived from D-glucuronic acid.
